INTRODUCTION
Water entering the United States at Calexico, Calif., creates major problems in the New River. Water quality in the New River is also influenced by numerous point and nonpoint discharges along its 60-mile course in the United States from Calexico, Calif., to Westmorland (figs. 1, 2, 3, and 4).
Visual observation of the water at the Calexico gage indicates serious water-quality problems. For example, the following are remarks taken from sampling notes: (1) "July 28, 1976, 1550 to 1700 hours, slug flow of white discharge; white particulate matter on surface; thousands of dead and dying minnows observed; dissolved oxygen zero;" and (2) "June 1, 1977, 1105 hours, slug flow of white discharge; dead and dying minnows on surface; strong sewage odor." These are but a few of the many observations of water-quality problems and associated fish kills in the New River at Calexico. Conditions downstream are similar. At La Boucherie Road, May 10, 1977 , at 1800 hours, the dissolved-oxygen (DO) concentration was zero, the river was black, a sulfide odor was present, and dead fish were observed. The same kinds of observations have been made at Drew, Brockman, Lyons, and Clark Roads throughout the last few years.
Background
The New River flows northward from the Colorado River Delta in the Mexicali Valley of Mexico, across the international boundary at Calexico, through the Imperial Valley, and into the Salton Sea (figs. 1 and 2). The Imperial Valley is bordered on the northwest by the Salton Sea, on the northeast by the Chocolate Mountains, and on the southwest by the Peninsular Range of southern California and Baja California. On the southeast it is contiguous with the Mexicali Valley of Mexico.
The New River was formed in the 1840's when the Colorado River abandoned its normal course and flowed northward. This flow was seasonal and did not provide a constant source of water for the Imperial Valley. In 1853, an exploration to find a railroad route in California involved a survey of the Imperial Valley area. A report by geologist William P. Blake (1857) included the following statements: "The New River and its lagoons cannot be relied upon as an unfailing source of water; it depends upon the Colorado being filled during the season of floods, and not then unless the river attains unusual height." At that time, the New River did not flow as far north as today's international boundary, and the present Salton Sea had not been formed. In the middle 1800's, water flowed into the Salton Sink on four occasions: 1840, 1842-52, 1859, and 1867. In 1891, water from the Colorado River flowed in the New River and formed a lake of 100,000 acres in the Salton Sink. This water evaporated leaving a salt marsh. The marsh was inundated in 1906 when a break in a diversion of the Colorado River caused the entire discharge of the river into the Salton Sink for 4 months, thereby forming the current Salton Sea.
In 1853, the New River did not flow continuously across today's international boundary. In 1975 the discharge records show that the river's flow was continuous with more than 100,000 acre-ft/yr at the international boundary, receiving more than 300,000 acre-ft/yr of irrigation return flow in the United States. Irrigation return water contains lower concentrations of dissolved solids than does the water crossing the international boundary. As a result, this irrigation return improves the water quality as measured by the dissolved-solids concentration. Also, irrigation return apparently contains lower concentrations of organic materials than water crossing the international boundary, so that water quality as measured by organic concentration also improves. Nevertheless, some problems associated with high concentrations of organic material are:
1. Sudden shifts to anaerobic conditions, resulting in numerous fish kills in the first 20 mi below the boundary.
2. An overall lowering of the DO concentration of the entire river, especially in its upper reaches, rendering it unfit for most fish populations and changing the environment of the river to less desirable biota and a poorer esthetic quality. 3. Eutrophication, algae blooms, and fish kills in the Salton Sea, reducing its desirability as a recreation area.
The New River and the Salton Sea are major feeding areas for migratory birds, and the Salton Sea is a spawning and rearing area for several species of gamefish. In 1965 67, 357,000 fisherman days per year were spent on the Salton Sea (U.S. Department of the Interior and the Resources Agency of California, 1974) . The three main gamefish in the sea are the orangemouth corvina (Cynoscion xanthulus), the gulf croaker (Bairdiella icistia), and the sargo (Anisotremus davidsoni). Migratory birds, such as snow geese and Canada geese, use Salton Sea areas during their annual journeys, while delta areas of the New and Alamo Rivers afford a habitat for the Yuma clapper rail and the California brown pelican, both of which have been placed on the endangered species list. The tip of the New River Delta is the only nesting area in the Western United States for the gull-billed tern. An egret rookery is also present in the south end of the Salton Sea, as are food plots to induce waterfowl away from the agricultural areas. The food plots are in the 2,200-acre Salton Sea National Wildlife Refuge (U.S. Department of the Interior and the Resources Agency of California, 1974) .
Purpose and Scope
The purposes of this study were (1) to identify the major constituents degrading the quality of the water in the New River at Calexico, (2) to document existing water-quality conditions in the New River from Calexico to the Salton Sea, (3) to describe the effects of the water quality at Calexico on the quality of the river as it flows to the Salton Sea, and (4) to document the daily loads of selected constituents crossing the international boundary.
A reconnaissance study of water quality was made to confirm visual observations by quantifying the chemical composition of the water and by identifying the major problems. The reconnaissance study also showed what was not present in the water, so that future sampling schedules would be more cost effective. After identifying the major problem, work was concentrated on determining the extent of the problem and the magnitude of its effects on river quality from Calexico to the Salton Sea. Along with the concentration of selected organic constituents, DO concentration was considered the primary indicator of the health of the river. Measurements and determinations were made around the clock within a diel (24-hour) period to show the effects of respiration and photosynthesis on river quality as well as longitudinally by river mile in order to determine the effects of oxidation. A time-of-travel investigation was made to show the rate of migration of water from Calexico to the Salton Sea, and a composite sampling program was made at the Calexico gage to determine the loads of selected constituents. For the determination and identification of benthic invertebrate and phytoplankton communities as indicators of environmental conditions, biological samples were collected on the New River and at a control site on the Alamo River.
Major topics covered in the report are dissolved oxygen, organic material, and biota. The reconnaissance study, river profile study, diel study, time-of-travel investigation, and composite sampling were completed during the period 1977 to 1979 in cooperation with the California Regional Water Quality Control Board, Colorado River Basin Region. The biota sampling program was completed in 1978 and 1979 in cooperation with the California Department of Water Resources.
Field and Laboratory Procedures
Water samples for field measurement and for laboratory analysis were collected at the centroid of flow by using an open-mouth glass bottle when water velocities were less than 2.0 ft/s. A depth-integrated suspended-sediment sampler was used when water velocities exceeded 2.0 ft/s. At the Calexico gage, where the most intensive sampling occurred, a cross-sectional profile of the river showed a range in specific conductance of less than 1.5 percent at 7,000 jxmho indicating a well-mixed water. For the river profile measured during the week of September [26] [27] [28] [29] [30] 1977 , water samples were collected from a small boat traveling upstream from the Westmorland gage.
Samples for laboratory determination were sent to the U.S. Geological Survey's Central Laboratory at Arvada, Colo. Methods used for analysis of most constituents are those described by Skougstad and others (1979) . Pesticides were determined by gas chromatography, organic carbon was determined by wet oxidation, oil and grease were determined by ether extraction, and radioactivity was determined by U.S. Geological Survey standard methods (Goerlitz and Brown, 1972; Thatcher and others, 1977) . Biological samples were collected according to methods established by Greeson and others (1977) .
Field determinations (specific conductance, temperature, dissolved oxygen, pH, and turbidity) were made in accordance with standard U.S. Geological Survey procedures (Skougstad and others, 1979) .
Field tests not conducted according to U.S. Geological Survey standard methods may be subject to unknown interferences. They should not be considered to be of the same accuracy and precision as those analyses done by the Survey laboratory. Field tests using color-wheel comparison have detection limits of 0.1 mg/L for chromium, copper, and manganese. These constituents, when determined by the Survey's central laboratory, have a detection limit of 0.01 mg/L. Relative fluorescence was determined by a fluorometer.
RECONNAISSANCE

Data Collection
The reconnaissance study during the week of May 9, 1977, was a single intensive sampling of the New River at Calexico. Objectives of the sampling were twofold: (1) To characterize the water entering the United States from Mexico, and (2) to determine the properties and constituents that degrade river quality as a basis for developing a comprehensive study. Samples collected in May are considered to be fairly representative of the year.
A comprehensive list of deleterious materials that might be detected in the New River at Calexico was developed on the basis of constituents generally associated with industrial, commercial, and agricultural practices. The potential toxicity of the suspected constituents to wildlife in particular and to degradation of the river in general was considered in order to reduce the list to a workable size, in terms of the economics and logistics of sampling and analysis. The New River at Calexico is part of the National Stream Quality Accounting Network (NASQAN), a federally funded program involving a monthly and quarterly sampling of sites representative of selected hydrologic basins. The monthly schedule includes samples for the determination of common ions, nutrients, and some organic constituents. The quarterly schedule also has, in addition to the monthly schedule of constituents and characteristics, determinations for trace elements and selected organic constituents.
During the reconnaissance, field tests and measurements for the following selected constituents and characteristics were made on water samples collected at about 45 minute intervals (tables 1 and 2, figs. 5 and 6):
Specific conductance pH Water temperature
Turbidity Dissolved oxygen
Together with the appearance of the river, these tests were used to signal the passage of unusually polluted water.
Samples for laboratory analysis of the following constituents were collected whenever the appearance of the river and the field tests indicated an increase in pollution:
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Results
On May 12, 1977, at 0905 hours, the first major pollutant slug of the reconnaissance occurred. It was first observed as white paniculate matter and confirmed by an increase in turbidity and pH (table 1 and decrease in turbidity and pH to background levels. Turbidity (table 1) and concentrations of total organic carbon (TOC)(table 3) indicated that additional pollutant slugs passed the gage May 12. Samples were collected at 1545, 1715, and 2130 hours when turbidity rose above background levels. In all, 14 sets of samples were collected. In addition, a set of control samples was collected from the Alamo River at Drop 9 near Holtville, where the discharge is about equal to that of the New River at Calexico but consists primarily of agricultural return water (table 4) .
Because of the industry present in Mexicali, it was anticipated that trace elements would be found in the New River at Calexico. None, however, was observed in concentrations indicative of industrial sources (table 3). Of the trace elements, barium had the highest concentration, 200 n-g/L. The limit for domestic water supplies is 1,000 [jig/L (Environmental Protection Agency, 1976) . Nor is 200 [xg/L of barium indicative of major industrial pollution.
Small amounts of various pesticides were detected during the reconnaissance; the highest concentration was 1.6 [xg/L of malathion at 1415 hours on May 10. The arithmetic mean malathion concentration for the 14 samples collected during the reconnaissance was 0.27 p-g/L. To protect the integrity of freshwater aquatic life, the U.S. Environmental Protection Agency (EPA)(1976) has established a criterion concentration of 0.1 p-g/L, which was exceeded by 5 of the 14 samples. DDT concentrations ranging from 0.00 to 0.25 p-g/L were detected in the New River at Calexico along with its breakdown products DDD and DDE. To protect aquatic life, EPA has established a criterion concentration of 0.001 p-g/L of DDT in freshwater. The arithmetic mean DDT concentration was 0.08 [jig/L for the 13 samples collected during the reconnaissance. Concentrations of DDT in all but one of these samples exceeded the criterion. Even though use of DDT is banned in the United States, low concentrations are still being found because of its persistence in the environment. It is not surprising, therefore, that concentrations of those pesticides were detected in the New River at Calexico. For lindane, the EPA criterion concentration to protect freshwater aquatic life is 0.01 p.g/L. The arithmetic mean concentration was 0.14 p.g/L, with concentrations of only two of the samples exceeding the criterion. Other compounds whose concentrations exceeded the EPA criteria were: phenols, arithmetic mean concentration of 12 p.g/L and a criterion concentration of 1 p-g/L, which was exceeded by all the samples; cyanide, arithmetic mean concentration of 0.008 mg/L and a criterion concentration of 0.005 mg/L, which was exceeded by 10 of the 14 samples; and diazinon, arithmetic mean concentration of 0.074 p-g/L and a criterion concentration of 0.009 p-g/L, which was exceeded by all the samples. Table 5 presents comparative data for samples collected from the Calexico gage during periods of little or no visible pollution (background) and periods of obvious pollution (slug), and from the control site on the Alamo River (control). Although the specific conductance for the New River at Calexico is more than two times that of the control site, with the exception of chemical oxygen demand (COD), phenols, and TOC, constituent values at the Calexico gage compare favorably with those of the Alamo River. Values detected during slug flows indicate the extent of the organic-pollution problem in the New River at Calexico.
Comparisons
In summary, the results from the reconnaissance trip indicate that the main problem in the New River at Calexico is organic pollution. With COD's of 510 mg/L and TOC's exceeding 160 mg/L, it is apparent that the slug discharges severely stress the oxidative processes of the water crossing the boundary. It is also apparent, however, that flows having only background levels of organic material provide sufficient oxygen demand to degrade the river for many miles. Although no detailed water-quality studies involving COD, TOC, and DOC (dissolved organic carbon) have been made of the Alamo River, no 
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WATER-QUALITY INVESTIGATIONS
Pesticides and Trace Elements
Although concentrations of some pesticides exceeded the EPA criteria in the 1977 reconnaissance, they were not considered to be a major problem when compared to the organic pollution. A detailed sampling three times a year was made 2 years later to determine if the situation had changed. The samples indicated that there was still no significant problem (table 6) with pesticides or trace elements.
Dissolved Oxygen
Dissolved oxygen is a major indicator of the ongoing physical, chemical, and biological processes occurring in the aquatic environment and therefore provides an index of the health of the system. Because DO is an excellent indicator and because it is easily measured in the field, emphasis was placed on obtaining DO information at selected sites on the New River.
The factors regulating DO concentration are reaeration, turbulence, temperature, photosynthesis, respiration, oxidation, atmospheric pressure, and tributary inflow. Only reaeration, turbulence, photosynthesis, and tributary inflow are potential contributors of oxygen, and only reaeration provides a continual replenishment. The amount of oxygen released by photosynthesis is dependent upon light intensity, turbidity of the water, and the density of the periphyton, phytoplankton, and submerged plant communities. Net oxygen production occurs when photosynthetic rates exceed respiration rates. The factors affecting photosynthesis, however, can be unfavorable, and no net production of oxygen will result. Tributary inflow also works in two ways. Inflow high in DO concentration will enhance the health of a stream if that stream has oxygen depletion, or, conversely, the health of a stream is impaired if the inflow is low in DO concentration.
In reaeration, oxygen enters the water at the airwater interface as an infinitely thin film that is instantly saturated (Velz, 1970, p. 189) . Subsurface diffusion is then responsible for spreading the dissolved oxygen. Turbulence greatly increases the rate at which saturated surface layers are mixed with the unsaturated water and also decreases the depth through which the oxygen must diffuse. In general, the rate of reaeration is proportional to the difference between the observed DO concentration and the DO concentration at saturation, although the actual amount received depends on physical and hydrologic (1) --3 7.5 5.0 0
See footnotes at end of table.
characteristics such as temperature, water depth, occupied channel volume, and stream turbulence of each stretch of the river (Velz, 1970, p. 184) . If the DO concentration in the river is zero, then the rate of reaeration is at its maximum.
Temperature Effects
Temperature plays a vital role in regulating the amount of oxygen available both to the biota of the stream and to the oxidative processes. For example, summer water temperature in the Imperial Valley exceeds 30°C. The amount of oxygen that the water holds decreases as the temperature increases. Water at 20°C and 50-percent saturation has a DO concentration of 4.5 mg/L. Water at 34°C and 50-percent saturation has a DO concentration of 3.5 mg/L. Although a difference of 1.0 mg/L may seem small, it nevertheless represents a 20-percent decrease in the amount of oxygen available for the aerobic oxidation of organic matter.
Sag Curves (Profiles)
As the aquatic system is stressed for example, by heavy organic loads that stress is reflected by changes in the DO concentration. By measuring the DO concentra- tion at selected points in a reach, the cumulative effect on the health of the river of the processes described above can clearly be seen. Longitudinal DO profiles (referred to hereinafter as profiles) were measured on the New River using two different sampling techniques. The first involved measurement of DO concentration at selected bridge crossings as well as above and below the three drop structures. Seven of these measurements were made. The second type was a profile measured from a small boat during its upstream traverse from the Westmorland gage to Highway 80 during the week of September 26-30, 1977 (see fig. 10 ). For the remaining distance to Calexico, samples were collected from bridge crossings. Measurements for this profile were made at 67 sites, with site selections made on the basis of distance and amount of tributary inflow. Sites were located on U.S. Geological Survey quadrangle maps with river morphology, bridge crossings, and contour lines as reference points. Only one profile of this type was made.
DO profiles were measured seasonally by the California Regional Water Quality Control Board, Colorado River Basin Region, to determine the effects of water temperatures on DO concentration (figs. 7 and 8). On December 28, 1976, DO concentrations at the Calexico gage were greater than 9 mg/L, in itself not . From Forrester Road to the Salton Sea, increases in DO concentration were due mainly to reaeration by the three drop structures. The highest observed DO concentration of the study, more than 10 mg/L, occurred below Drop 2, the farthest downstream drop structure.
The effect of seasonal variation on the shape of the sag curve becomes apparent in the April 5, 1977, profile. The profile of January 11, 1977, is similar to that of December 28, although the initial decrease is more pronounced. The shape of the April 5, 1977, profile, however, is different from either of the winter profiles ( fig.  7) . Although the initial concentration at the Calexico gage was 4.5 mg/L, at Kemp Road, 1.5 mi downstream, the DO concentration was zero. Anaerobic conditions persisted for 4 mi to Clark Road. From Highway 80 to Forrester Road, DO concentration increased. Reaeration by the rock weir near Seeley accounted for the instantaneous increase in DO concentration. In the lower reaches of the river, reaeration from the three drop structures added to the DO concentration so that by Lack Road (site 60.2) To determine the effects of high water temperatures and high organic levels on DO concentrations, three profiles were measured by the California Regional Water Quality Control Board, Colorado River Basin Region, during the summer of 1977. The effects were extreme, especially on July 28 ( fig. 8) . Water entering the United States in the New River was devoid of dissolved oxygen.
The zone of depletion extended from the Calexico gage to Worthington Road, 26.4 mi downstream. Although some recovery occurred by Forrester Road, that is, the DO concentration increased to 2 mg/L, conditions were still indicative of poor water quality. Reaeration from the rock weir near Seeley, which helped to add dissolved oxygen increases during the winter profiles to bring a return to aerobic conditions, did not add sufficient dissolved oxygen during the summer profiles to overcome the anaerobic conditions of the river.
In the lower reaches of the river, reaeration caused in part by drop structures increased the DO concentration. Immediately downstream from these structures, the DO concentration decreased, indicating that reaeration from these structures was insufficient to satisfy the oxygen demand of the river. From Drop 2 to Lack Road, a distance of about 11 mi, DO concentration decreased from 7.5 to 4.5 mg/L, the lowest observed concentration for that reach. Not only was the zone of DO depletion in the upper 26-mile reach greater than for any of the other profiles (compare figs. 7 and 8) , but the lower reaches of the river were degraded to the extent that reaeration was insufficient to maintain concentrations of dissolved oxygen necessary to support a varied fish population.
The most detailed of the profiles was that of September 26-30, 1977 , in which measurements were made at 67 sites, reached by boat ( fig. 9 ). This profile showed the reaeration effect of the rock weir near Seeley as well as the effect of photosynthesis on the shape of the profile ( fig. 10) . Because measurements at selected bridge crossings were made in the middle of the day and usually took about 5 hours to complete, the effects of photosynthesis were not as pronounced as for this sampling, which began early in the morning and lasted until evening each day.
Photosynthetic effects are seen in the sharp increases in DO concentration at Salt Creek (site 25.6) and Keystone Road (site 36.1) ( fig. 10 and table 7) . The measurements immediately downstream of these sites were made in the afternoon when photosynthetic activity and DO concentration were high. The lower concentrations at or just upstream from these sites were measured in the early morning, when photosynthetic activities were low and net dissolved oxygen produced during the day had been metabolized by respiration throughout the night. The difference between the late afternoon and early morning DO concentration at the same site is an indication of abundant periphyton and submerged plant communities. At Salt Creek the difference was 2.8 mg/L and at Keystone Road about 2 mg/L, indicating the presence of a biotic community that is actively photosynthesizing during the daylight hours. For comparison, the Los Angeles River at Willow Street, Los Angeles County (concrete-lined channel with low-flow notch), with an extensive periphyton community has afternoon DO concentrations as high as 22 mg/L at 300-percent saturation and early morning concentrations less than 1 mg/L. In the downstream reaches of the New River, more than 50 percent of the flow is agricultural return, which has a high silt concentration. The high silt concentrations inhibit light penetration and photosynthesis, thus limiting the periphyton and plant communities.
Diel Variations
In order to assess further the effects of organic material on the intensity of biological activity, two separate diel (24-hour) studies were made. The first was completed during the week of October 17, 1977, and the second during the week of April 17, 1978. For the October study, hourly measurements of DO concentration, pH, water temperature, and specific conductance were made at the following sites on the New River:
At international boundary, at Calexico (site 0) At Highway 80 (site 19.5) At Keystone Road (site 36.1) Below Drop 4 near Brawley (site 43.6) At outlet near Westmorland (site 61.2).
At the Calexico gage and at Highway 80, significant variations in DO concentration were observed (figs. 11 and 12). On October 17, at 1300 hours, the DO concentration at the Calexico gage was 3 mg/L and 36-percent saturation. Seven hours later, the river became anaerobic. These conditions remained in effect for 9 hours, then gradually improved. By the end of the diel study the DO concentration had increased from 0 to 2 mg/L, probably owing to photosynthesis with the resumption of sunlight. Apparently a pollutant slug containing high concentrations of organic matter had passed by the Calexico gage. The slug, along with respiration of aquatic plants and animals and oxidation of benthal organic deposits, must have exerted an immediate oxygen demand on the water in order to produce such a rapid decline in DO concentration. If the slug contained sewage which had turned anaerobic when discharged into the river, the reduced compounds in that slug would place an immediate oxygen demand on the New River, thus accounting for the steepness of the decline. Another possibility would be an industrial effluent that contained chemical compounds in a reduced state. The effect would be the same as for the sewage although the recovery pattern would be different.
DO concentration at the Highway 80 crossing also reflected the effects of the slug discharge. At 1400 hours on October 18, after 18-22 hours of travel from Calexico, the pollutant slug that caused the abrupt decline in DO concentration at Calexico reached the Highway 80 site. Upon its arrival, the DO concentration decreased to 0.1 mg/L (fig. 12 ). The 18-22 hours agree with the measured traveltime determined from time-of-travel study. Thus, the effects of the pollutant slugs originating south of the international boundary can still be large at least 20 mi downstream. Because the diel measurements at Highway 80 and at Keystone Road were made during the same time frame and the low DO concentrations were observed at the end of the 24-hour period at Highway 80, it is not certain whether the effects of the pollutant slug would have been detected at the Keystone Bridge site, 16.6 mi and 15 hours downstream from Highway 80.
Because agricultural effluent exerts an oxygen demand, DO concentrations observed at sites downstream from Calexico may not be due entirely to the organic loads at the international boundary and the subsequent aerobic or anaerobic oxidation of those loads. For the reach between Calexico and Highway 80, the gain in discharge from agricultural drains is small. Downstream from Highway 80, however, the discharge from agricultural drains increases, apparently diluting organic loads as evidenced by the DO profiles downstream from Highway 80.
The pattern of DO concentration throughout the diel study at the Keystone site was similar to that in other eutrophic streams. The highest concentrations were observed in the late afternoon as a result of the photosynthetic activity of the algae, but the lowest concentrations were observed in the early morning as a result of respiration. The highest observed concentration of 6.5 mg/L and 80-percent saturation was at 1600 hours. Concentrations were generally lowest between 0100 to 0200 hours, although the lowest observed concentration of 4.7 mg/L was at 0900 hours. Deviations from the normal diel pattern resulted from ever-changing pollutant loads, variable flow at the international boundary, and irrigation return flow. Downstream, below Drop 4 near Brawley, DO concentrations showed very little variation. Percent saturation was near 85, with DO concentrations of about 7 mg/L. At the Westmorland site, diel variations were fairly normal. The highest concentration of 6.4 mg/L and 78-percent saturation was at 1600 hours, and the lowest concentration at 4.9 mg/L and 60-percent saturation was at 0500 hours. During the week of April 17, 1978, measurements were made hourly throughout 21/2 days at five sites on the New River. The start of sampling was determined from the time-of-travel data. As the leading edge of the water sampled at the first site arrived at the second site, sampling began. This same pattern was used for the remainder of the New River sites. For comparison, measurements were made throughout one diel period at the Alamo River at the outlet near Niland, the control site. Measurements were made at the following New River sites:
International boundary at Calexico (site 0) Clark Road (site 5.5) Lyons Crossing (site 8.8) Highway 80 (site 19.5) At outlet near Westmorland gage (site 61.2).
The DO concentration curve at the Calexico gage began to increase about sunrise, reaching its maximum concentration in the afternoon ( fig. 13) . On April 17, the maximum concentration was 5.2 mg/L and 60-percent saturation at 1300 hours. On the following day, it was 5.8 mg/L and 70-percent saturation at 1500 hours. As the sunlight decreased, DO concentration also decreased, reaching its lowest concentration during the late nightearly morning hours. Concentrations of DO reached a minimum of 0.5 mg/L between 2200 hours and 2400 hours on April 17, and on April 18 the minimum concentration of 0.1 mg/L occurred between 2200 hours on the 18th and 0100 hours the next day. The difference between the maximum and minimum DO concentration of almost 6 mg/L on April 18 indicates that an abundance of plantlife existed at the Calexico gage. Water at this site is usually free of the high silt concentrations that are characteristic at downstream sites and are a result of agricultural return. With background turbidities of about 28 JTU's (Jackson turbidity unit) and with a depth of about 3 ft, there is sufficient light for photosynthesis to occur throughout the water column and on the riverbed at the Calexico gage.
The next two sites, Clark Road and Lyons Crossing, had similar patterns but not as pronounced day-night amplitude of DO concentration. Diel dissolved-oxygen concentration and percent saturation curves are shown for five sites on the New River and the control site on the Alamo River ( fig. 14) the next day. At Lyons Crossing the decrease began in the late afternoon of the 17th, as would be expected in a diel study such as described for Calexico. The DO concentration, however, remained depressed until 1130 hours April 18, at which time the DO meter malfunctioned. Both sites showed a rise in DO concentration that began at sunrise April 19 and reached maximum concentrations in the afternoon. Downstream sites did not develop any major diel variations in DO concentration throughout the 2'/2 days of measurements ( fig. 14) . At Highway 80 the DO concentration was about 3 mg/L throughout the study and did not present any discernible pattern. The Westmorland site also showed little variation in DO concentration, averaging about 6.4 mg/L with percent saturation in the high 60's. The difference between the maximum and minimum observed DO concentrations was 2 mg/L. The control site on the Alamo River at outlet also showed little variation throughout the diel study. The average DO concentration was about 7.4 mg/L, with percent saturation in the middle 80's. The difference between the maximum and minimum concentrations was 1.3 mg/L. The absence of fluctuation in DO concentration at Highway 80 and the Westmorland gage indicated that plant growth was minimal during the sampling period. Because plant growth was minimal, photosynthesis and respiration did not exert a heavy influence on the DO equilibrium of the river. The Alamo River, which also had little variation in DO concentration, did not support an extensive periphyton or phytoplankton population.
EPA Criteria
According to the criteria established by EPA (1976, p. 123) , the minimum DO concentration necessary to maintain good fish populations is 5.0 mg/L. "Water should contain sufficient dissolved oxygen to maintain aerobic conditions in the water column," the EPA states. Based on both the profile and diel data, it is evident that in the upper reaches of the New River, the 5.0 mg/L criterion is seldom met. The lower reaches afford a more suitable environment for fish populations, but even there, during the summer months, the fish population would tend to be stressed. The observations of fish kills, as noted in the introduction, are well documented. Often it is the extremes in conditions, not the mean, that lead to biological stress. For fish in the upper reaches of the New River this would be especially true. 
Organic Material
Excessive organic material rapidly decomposed by bacteria and other organisms was documented as the major problem in the New River. This decomposition by oxidation uses the available oxygen in the river and produces the effects discussed in the previous section.
The frequency of occurrence of excessive organic material is shown by distribution graphs of chemical and biochemical oxygen demand ( fig. 15 ). These graphs represent a composite of data collected by the U.S. Geological Survey and the California Regional Water Quality Board, Colorado River Basin Region, at the Calexico gage during the period July 1976 to March 1978. The right skewness of the data indicates that these constituents are best represented by geometric means. For the data presented in the graph, the geometric mean concentration for COD was 133 mg/L, compared with 322 mg/L for the samples collected during the reconnaissance. The geometric mean concentration for biochemical oxygen demand (BOD) was 44 mg/L. The correlation coefficient between BOD and COD was 0.9 (a coefficient of 1.0 indicates a perfect relation between variables). There was almost no correlation between DO and BOD, as indicated by a correlation coefficient of -0.20. This lack of correlation is due in part to both temperature and time. Temperature affects the saturation concentration of oxygen and the BOD reaction rates, and time controls the degree to which the BOD is satisfied by oxidation. Because the Calexico sampling site is immediately downstream from the international boundary, there is insufficient time for variations in BOD to affect DO concentration. In addition, the river is often stressed to the extent that it is devoid of dissolved oxygen, and additional organic loads would have little or no effect on the near zero DO concentration.
Oxidation of Organics
The presence of organic matter in water is detected in a variety of ways, each indicative of different characteristics of the organic substance. The main indicators used in this study were BOD, COD, and total, dissolved, and suspended organic carbon. BOD reflects the amount of oxygen consumed by biochemical oxidation of organic matter in 5 days. COD reflects a high temperature, wet oxidation of the organic matter by a strong oxidizing agent. Oxidizable compounds other than organic matter are also included in this determination. The relation between BOD and COD was shown in the reconnaissance. The magnitude of the difference between BOD and COD, having geometric means of 44 mg/L versus 133 mg/L, shows how little of the chemically oxidizable material can be biochemically oxidized in 5 days. Another set of indicators of organic pollution are total, dissolved, and suspended organic carbon. These determinations measure all the organic carbon in the respective phases regardless of its oxidation state, and are gross indicators of organic content but are not useful for predicting oxygen demand unless the nature of the pollutant is very consistently the same. The two main processes that deal with organic matter in the aqueous environment are aerobic and anaerobic oxidation. In aerobic oxidation, oxygen dissolved in the water acts as the oxidizing agent (electron acceptor) and in turn is reduced, usually to carbon dioxide that can form bicarbonate or carbonate ions. The organic matter goes from a reduced to an oxidized state. In anaerobic oxidation, combined oxygen in the form of organic or inorganic compounds is used as the electron acceptor, and in turn is reduced. During anaerobic oxidation, the nitrates are preferentially reduced to ammonia; then sulfates are reduced to hydrogen sulfide; and carbon dioxide is reduced to methane. From the observations noted in the introduction, it is apparent that anaerobic oxidation does occur in the upper reaches of the New River, especially from Clark Road to Brockman Road, and hydrogen sulfide is probably produced by the anaerobic oxidation of sulfate.
Reaction Rates
The effect of temperature on the saturation of water with respect to oxygen was discussed earlier. The effect of temperature on the rate of satisfaction of BOD also contributes to the low summertime DO concentrations that were observed in the profiles. The metabolic rate at which bacteria oxidize organic matter is temperature dependent. For 5-day biochemical oxygen demand (BOD5), the reaction rates change in the following manner: At 29°C, BOD half-life is 2 days with a reaction rate of 82 percent per day; at 20°C, BOD half-life is 3 days with a reaction rate of 68 percent per day; and at 14°C, BOD half-life is 4 days with a reaction rate of 58 percent per day (Klein, 1962) . Another factor affecting the rate of oxidation is the amount of unoxidized organic material in the water. Phelps' law states that "the rate of biochemical oxidation of organic matter is proportional to the remaining concentration of unoxidized substance measured in terms of its oxidizability" (Velz, 1970, p. 142 ). This law applies only when there is excess oxygen and a constant temperature. Because the reaction rate is so much faster at high temperatures when dissolved oxygen is correspondingly lower high organic loading during the summer months leads to deoxygenation and anaerobic conditions in the river as shown in the profiles of June, July, and August of 1977.
Time-of-Travel Investigations
By combining the traveltime information with organic concentrations that were determined during the diel study and profile phases, the oxidation processes involved in river purification can be better understood. To determine the rate of migration of the slug discharges, two time-of-travel investigations were made, February 6-9 and June [19] [20] [21] [22] 1978 , in the reach between the international boundary and the Salton Sea. Seventy-five pounds of a 20-percent solution of rhodamine WT fluorescent dye were injected in the river at the Calexico gaging site. Emphasis was placed on determining the leading dye edge and the peak dye concentration at the sites shown in table 8 and figure 16 . The average speed of the flow from Calexico to the Westmorland gage was about 1.1 mi/h.
Longitudinal Stream Profiles
The longitudinal stream profiles made by boat of September 26-30, 1977 , and at bridge crossings May 10, 1978, were the only profiles that involved collection of samples for determination of organic concentrations. During the profile of September 26-30, samples for the determination of BOD, COD, TOC, and DOC, were collected at 20 sites on the New River (table 9). In general, the concentrations of these constituents were higher at the Calexico gage than downstream at the Westmorland gage. 9-30 at 9-30 at 9-30 at 9-30 at 9-30 at 9-30 at 9-30 at 9-29 at 9-29 at 9-29 at 9-29 at 9-29 at 9-29 at 9-29 at 9-29 at 9-29 at 9-29 at 9-29 at 9-28 at 9-28 at 9-28 at 9-28 at 9-28 at 9-28 at 9-28 at 9-28 at 
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For example, the concentrations at Calexico were more than two times that at Westmorland with COD's of 170 versus 73 mg/L, BOD's of 20 versus 8.4 mg/L, and TOC's of 17 versus 8.6 mg/L. These numbers show that there is sufficient organic matter in the water at the Calexico gage to deplete the available dissolved oxygen. With BOD reaction rate of about 25 percent per day, it would take 2 1/2 days, which is the approximate traveltime between Calexico and Westmorland, to reduce the demand to one-half its original value. No discernible pattern developed from the remaining data other than the generalization already stated. For example, at Kemp Road, 1.5 mi downstream, the concentrations were 130 mg/L for COD, 6.4 mg/L for BOD, and 12 mg/L for TOC. Because the water observed at Kemp Road did not necessarily cross the international boundary with the same quality as the water sampled at the Calexico gage (due to time of travel and variation in water quality at the international boundary), these lower concentrations cannot be attributed entirely to aerobic oxidation. The lower demands may be due in part to dilution and settling out of paniculate matter. The profile of May 10, 1978, (fig. 17 ) also showed that the concentration of organic material decreased downstream. COD and TOC were 300 mg/L and 19.7 mg/L at the Calexico gage compared with 75 mg/L and 12.8 mg/L, respectively, at Lack Road 60.2 mi downstream. The accumulation of settleable solids from these high organic loads results in sludge deposits that in the upper reaches of the New River undergo anaerobic fermentation. The products of that oxidation leach into the flowing water and exert a demand on the dissolved oxygen assets of the river. According to Velz (1970, p. 162) , "When the sludge deposit is large in relation to the overflowing streams, dissolved oxygen may be completely exhausted and the gas bubbles may rise and break at the water surface, releasing hydrogen sulfide and other gases to the atmosphere." These conditions have been observed in the reach from Calexico to Drew Road.
Diel Measurements
The concentrations and movement of organic material were also demonstrated during the two diel studies. The diel study of October [17] [18] 1977 , showed the movement of a slug discharge from Calexico to Highway 80, 19.5 mi and 17 to 19 hours downstream. At the Calexico Table 7 . Field measurements of selected physical and chemical characteristics at sites on the New River, September 26-30,1977 Continued Date, time 9-28 at 1045 9-28 at 1010 9-28 at 0928 9-28 at 0914 9-28 at 0903 9-28 at 0853 9-27 at 1615 9-27 at 1610 9-27 at 1600 9-27 at 1543 9-27 at 1521 9-27 at 1510 9-27 at 1455 9-27 at 1443 9-27 at 1435 9-27 at 1345 9-27 at 1345 9-27 at 1155 9-27 at 1155 9-27 at 1130 9-27 at 1130 9-27 at 1042 9-27 at 1034 9-27 at 1017 9-27 at 1000 9-27 at 0945 9-26 at 1700 9-26 at 1600 9-26 at 1500 9-26 at 1430 gage on October 17, at 1300 hours, the DO concentration was 3 mg/L and the COD, TOC, and DOC were 120, 14.4, and 9.4 mg/L respectively ( fig. 11) . Five hours later, the DO concentration had decreased to zero and the COD, TOC, and DOC had increased to 480, 20, and 15 mg/L, respectively. These increases indicate the passage of a slug discharge. Downstream at Highway 80, the initial BOD for the diel study was 5.4 mg/L. At 1400 hours on October 18, the slug discharge that was detected at the Calexico gage arrived at Highway 80, sending the BOD up to 18.4 mg/L as the DO concentration decreased from 2 mg/L to zero.
The sample collected at the Highway 80 crossing at 1600 hours had a COD of 93 mg/L, TOC concentration of 11.2 mg/L, and a DOC concentration of 7.5 mg/L. At Keystone Road 15 hours later, the approximate traveltime from Highway 80, the COD had decreased to 77 mg/L, and the TOC and DOC concentrations had decreased to 9.8 mg/L and 6.8 mg/L, respectively. The other three sites, Keystone, Drop 4, and Westmorland, showed a gradual decrease in concentration between sites in downstream order.
Loads
To determine the loads of selected constituents in the New River at Calexico, a program of composite sampling was devised. Load is the weight per unit time, usually expressed in tons per day, of a substance passing a point. It takes into account the volume of water and the concentration of the substance. By collecting and compositing a water sample every 15 minutes for 12 hours, the influence of the periodic slug discharges would be mediated and the average condition of the water at the Calexico gage could be determined. A 12-hour set of composites was collected in each of the months from July to December 1978, with the exception of October. For October, samples were collected for eight consecutive 12-hour periods. At the end of each 12 hours, samples for laboratory analysis were split from the composited water. Table 10 presents the loads of selected constituents for the composite sampling program. The highest BOD load, in tons per day, was 133 on September 26; the lowest was 9.5 on July 26, 1978.
Biota as Indicators
Thus far, the emphasis of this report has been on identifying the magnitude and occurrence of chemical and physical constituents in the New River, especially in the flow at the international boundary, and their effects on downstream water quality. This information provides the basis for a better understanding of the ongoing chemical processes, showing cause and effect. With that understanding, remedial steps can be formulated if necessary. Sampling of most chemical constituents represents conditions at a single point in time. Even when the program involves intensive around-the-clock sampling, it can never be all-inclusive as an indicator of the suitability of the environment to support aquatic life. Perhaps, then, a good test of a river's health is the identification and quantification of its biota.
Stream biota must withstand extremes in water quality (slug flows, anaerobic conditions, and high and low temperatures) as well as adapt to average conditions. Because environmental conditions affect the kinds of organisms that can inhabit a specific reach of a river, the types of organisms present provide an index of the environmental conditions of that reach. The presence of a species signifies that the minimal conditions necessary to sustain the life of that organism are being met. The absence of a species or even a group of organisms cannot, however, be taken as an indication that the conditions necessary to support that group are not present. It is entirely possible that there has been no opportunity for that observed group to become established or introduced to the reach.
The health index of a stream is best determined by observing the population and community of the biota rather than the presence or absence of an individual species. A healthy stream will have a high diversity of organisms. The high diversity leads to a stable community in that the risk is spread out through a variety of organisms. An equilibrium between the environment and the biota can be more harmoniously maintained when the diversity is high. When subjected to a pollutional stress, 
,'jr \ r \$- the sensitive species or groups are eliminated and the tolerant survive. The diversity decreases but the number of organisms per species usually increases. As the pollutional stress becomes too severe, the number of individuals per species is reduced, as is the number of species, until no animal life exists.
Benthic Invertebrates
Benthic invertebrates are, as the name indicates, those animals that lack a backbone and inhabit the bottom of streams and lakes. The U.S. Geological Survey has adopted the Standard Sieve No. 70 (210-micrometer mesh openings) as the retention criterion for the collection of benthic invertebrate organisms from streambeds. Samples for the analysis of benthic invertebrates were collected three times yearly at the following New River sites:
At international boundary at Calexico At Lyons Crossing At Keystone Road At Westmorland gage.
Control samples were collected at the Alamo River at outlet near Niland for comparison to show the effects of the slug discharges on the diversity of the biota.
The cumulative effect of the slug discharges on the number and diversity of organisms is shown in figure 18 and table 11. The water crossing the international boundary at Calexico seems of such poor quality that very little animal life can exist in the reach between Calexico and Highway 80. The data show that the first two sites, Calexico gage and Lyons Crossing, have similar environmental conditions. For each of the three sets of samples collected, no more than three species and as few as one organism were present. The concepts of community structure and population are not applicable to these two sites because the diversity and population are minimal.
Downstream at Keystone Road (site 36.1), the population and community structure changed. The highest numbers of organisms per multiplate sampler were obtained at this site, 9,150 on April 25 and 1,120 on October 25. The diversity at the genus level was greater at Keystone than at the first two sites. On April 25, there were 8,768 organisms per multiplate sampler of the Nais pardalis, which is an aquatic earthworm associated with organically rich substrates and often with water having a low DO concentration. The overabundance of this one February 6-9 and June 19-22,1978. species is indicative of pollutional stress but, in this case, shows that recovery or self-purification of the river is occurring with respect to the conditions observed at Calexico and Lyons Crossing. The other two samples also have one or two dominant species that are present in disproportionately high numbers. For the October sample, the ------,000 <1,000 <1,000 5,300 6,000 1 2,000 1 1,200
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genus Chironomus (one of the midges) dominated, with 784 organisms out of a total of 1,120. In June, another one of the midges, Goeldichironomus holoprasinus, and a tubificid, Limnodrilus hoffmeisteri, dominated, with 378 and 208 organisms, respectively, out of 619. There were 5 other genera present in this sample and 14 other genera present in the October sample. At the Westmorland gage (site 61.2), the community was not as large as at Keystone but the diversity was greater. The June sample had the largest community, 777 organisms, and the greatest number of species, 16. Although two species were dominant, they were not as disproportionate in number as at Keystone. The diversity at the family level was also greater than at the other sites, indicating that organisms of varying requirements were able to survive. Diversities at the phylum and class taxonomic levels for the June sample were the highest of the New River sites but less than what would be found in a healthy river. Organisms from a variety of phyla, including Nematoda , Annelida, Arthropoda, and Coelenterata (colonial form) were present. The data show that the water quality was continuing to improve when compared to the Keystone site.
Diversity was greatest at the control site, Alamo River at outlet near Niland. For the June sample, 551 organisms were distributed among 26 species. There were two codominants present, Rheotanytarus (a midge), with 142 organisms , and Boccardia (a polychaete which are mostly marine), with 181 organisms. The April sample did not have as great a diversity as the June sample because the April sample was dominated by one genus, Cricotopus, with 376 organisms out of a sample total of 529. The September sample seems to be anomalous with not only the April and June samples but also with the Westmorland gage data.
Phytoplankton
Phytoplankton, which means literally wandering plants but usually refers to the algae that drift in streams or lakes, are also an indication of environmental conditions. In streams, the phytoplankton are not as good an indication of the chemical character of a water as are the benthic invertebrates. Like chemical samples, phytoplankton samples are instantaneous, representing conditions at a single point. A sample collected at a specific site does not necessarily represent the river quality at that point, but rather the growth conditions of the reach upstream. For the New River at Calexico, the phytoplankton community was probably produced in Mexicali, whether above or below sewage outfall is uncertain. The nutrient enrichment from the sewage along with the high water temperature could lead to rapid proliferation of the phytoplankton as long as sufficient oxygen is present. The diel variations in DO concentration during the week of pies. In general, the population also decreased in downstream order, the highest observed concentration was 38,000 col/mL (colonies per milliliter) at Calexico in October, the smallest 820 col/mL in April at the Westmorland gage, and only 550 col/mL in April at the control site.
Many of the phytoplankton in the New River have been classified as pollution tolerant, according to criteria established in Palmer (1968) . Organisms such as Oscillatoria, Euglena, Nitzschia, Chlamydomonus, Synedra, and Scenedesmus which dominated the communities in the New River are in the list of 10 most pollution-tolerant genera (Palmer, 1968) . The Alamo River at outlet also contains some of these phytoplankton, but, except for Synedra, they are generally in lower concentrations than in the New River. The major limiting factor at both the Westmorland gage and at the control site is probably the high silt concentrations as mentioned earlier in this section.
April 17, 1978, indicate that there is a plant community, part of which would be represented by the phytoplankton. Downstream from Calexico, the DO concentration could be a limiting factor in growth and reproduction, as would be the sensitivity of the organisms to high organic concentrations. These two components, together with an increasing sediment concentration from the agricultural drainage that would reduce the depth through which photosynthesis occurs, results in decreasing densities of phytoplankton.
Densities were greatest at the first three sites on the New River ( fig. 19 and table 12 ). The most downstream site at the Westmorland gage and the control site on the Alamo River had the smallest densities, with as little as one species present at each for the April sam-
Bacteria
To show the degree of fecal pollution of the New River, samples to determine the presence of fecal coliform and fecal streptococcal bacteria were collected at 16 sites during the profile of September [26] [27] [28] [29] [30] 1977 .
Potential Hazard
The presence of fecal coliform and fecal streptococcal bacteria in an aquatic system means that fecal contamination has occurred and that the potential exists for a public health problem the higher the number of indicator bacteria, the greater the health risk. Correlations between the density of indicator organisms and the occurrence of specific pathogens are not available except for the Salmonella group. Geldriech's study (1970) of the occurrence of Salmonella in freshwater indicated almost 32 percent positive detection of Salmonella when fecal coliform concentrations were 1-200 col/100 mL (colonies per 100 milliliters). Detection of Salmonella increased to 83 percent for samples having fecal coliform concentrations of 201-1,000 col/100 mL. For fecal coliform concentrations of 1,001-2,000 col/100 mL, more than 88 percent positive detection was found, and for concentrations above 2,000, positive detection increased to nearly 98 percent. Salmonella cause diseases such as typhoid and paratyphoid fever and a variety of types of "food poisoning." Other diseases possibly resulting from fecal contamination are dysentery, cholera, hepatitis, and a wide range of parasitic infections. Figure 19 . Number of phytoplankton genera and organisms for selected sites on the New River and the control site on the Alamo River.
Observed Counts
The highest fecal coliform concentration observed during the river profile was 2,800,000 col/100 mL at Brockman Road, 11.4 mi downstream from the international boundary. The corresponding fecal streptococcal concentration was 180,000 col/100 mL. The lowest fecal coliform concentration, 1,000 col/100 mL (a non-ideal count), was observed at Lack Road, 60.2 mi downstream from the boundary. The corresponding fecal streptococcal concentration was also 1,000 col/100 mL and a non-ideal count. There was no discernible pattern from site to site, although generally the concentrations near the mouth of the New River were lower than at the boundary, as expected with the die-off of organisms with time in the aquatic system. The absence of a pattern resulted from the compounding of variables, the distance and time from the source of contamination, the cyclic nature of domestic sewage discharge, and the time and direction of sample collection.
SUMMARY AND CONCLUSIONS
The New River crosses the international boundary and enters the United States at Calexico. Visual observation of the water at the Calexico gage is sufficient to determine that the New River is degraded by domestic sewage as well as by periodic slug discharges that appear to be of industrial origin. In order to quantify the chemical composition of this water and to identify the water-quality problems, a reconnaissance of the New River at Calexico was made May 9-13, 1977. Analysis of samples collected during the reconnaissance indicated excessive organic material as the major water-quality problem. Passage of three slugs of pollution were detected during this week of around-the-clock sampling. One of the slugs that was intensively sampled had TOC concentrations that ranged from 80 to 161 mg/L, DOC concentrations that ranged from 34 to 42 mg/L, and COD as high as 510 mg/L. The pH increased from 7.6 prior to the arrival of the pollutant slug to a maximum of 8.8, then decreased to 7.7 as the slug passed. In comparison, concentrations of COD, TOC, and DOC at the control site, Alamo River at Drop 9 near Holtville, were 72, 11, and 15 mg/L, respectively. Although there is a significant amount of industry in Mexicali, no trace elements were found in concentrations that would indicate significant industrial pollution by these constituents.
A series of river profiles was made in which DO concentrations were measured at selected points between Calexico and the Salton Sea. These profiles showed a DO sag downstream from Calexico, with the length of the zone of depressed DO concentration varying seasonally. These seasonal variations correlated with changes in water temperature. At the Calexico gage, profiles measured during winter months had DO concentrations that approached saturation levels. The sag developed gradually, reaching minimum concentrations at Highway 80, 19.5 mi downstream. From Highway 80 downstream, recovery through reaeration and self-purification occurred, with DO concentrations in the lower reaches of the river being able to support a varied fish population. With the approach of summer, the DO concentration in the water crossing the international boundary became progressively lower. The water entering the United States via the New River was devoid of oxygen. The length of the depressed zone extended 26 mi downstream , and even though some recovery was realized in the lower reaches of the river, the water quality was too poor to support a varied fish population.
Two diel studies were made during which DO concentrations were measured at five sites. During the first diel study, a slug of organic material was detected at the Calexico gage. The slug was detected both visually and by a sudden decrease in DO concentration as the water in the river became anaerobic. Movement of this slug downstream to Highway 80 took about 18 hours. Upon arrival of the slug at Highway 80, the DO concentration plummeted to 0.1 mg/L. At the other downstream sites, no significant variations in DO concentration were observed throughout the diel study. This diel study showed that degradation of water quality from slug discharges occurs as far downstream as 20 mi.
The second diel study was tied into the results of the time-of-travel investigation so that sampling at each site began with the arrival of the leading edge of the water sampled at the previous site. At the Calexico gage, the DO concentration presented a normal pattern of diel variations, similar to that of other eutrophic streams, except concentrations were considerably lower than normal. DO concentrations reached maximums during the afternoon and minimums in the early morning. At stations downstream from Lyons Crossing, no significant variations in DO concentration were observed.
The profile and diel phases of the study showed that DO concentrations in the upper reaches of the New River often fell below the 5.0 mg/L criterion established by EPA to maintain a varied fish population. In the lower reaches of the river, DO concentrations exceeded the 5.0 mg/L criterion, except for a few instances in the summer, and were therefore able to support a varied fish population.
The movement and destination of organic material in the New River was also determined by the profile and diel phases of the study. The longitudinal profiles of September 26-30, 1977, and May 10, 1978 , were the only profiles that involved the collection of samples for determination of organic concentrations. These two profiles showed organic concentrations to be about twice as high at the Calexico gage as at the Westmorland gage. The diel study made during the week of October 17, 1977, showed the movement of a slug of organic material from Calexico to Highway 80. Passage of the slug by the Calexico gage caused COD's to increase from 120 to 480 mg/L and at Highway 80, arrival of the slug caused the BOD to increase from 5.1 to 18.4 mg/L. Downstream from Highway 80, organic concentrations were generally lower as a result of both oxidation and dilution.
The composite sampling program provided an indication of the loads of selected constituents entering the United States via the New River and the magnitude of the effort that would be required to alleviate their effects on downstream water quality. Constituent loads for the eight consecutive 12-hour composite sampling programs in October 1978 were high, with COD averaging 109 ton/d, TOC 10.3 ton/d, and dissolved residue 2,070 ton/d. These loads represent a significant stress on the self-cleansing processes of the New River and eventually the Salton Sea.
Because the river's biota must withstand the extremes in water quality as well as adapt to average conditions, they are excellent indicators of the environmental health of a river. Biological samples were collected at four sites on the New River and a control site on the Alamo River. The benthic-invertebrate data showed that the water at the first two sites, Calexico and Lyons Crossing, is of such poor quality that very little animal life can exist. At these two sites no more than three species and as few as one organism were present at any time. Downstream at Keystone Road, the quality of the water had improved although it would still be considered polluted. The diversity and the population increased. For the April sample, the population reached 9,150 organisms, of which 8,770 were of one species. At the Westmorland gage, the diversity and population indicated that the water quality was continuing to improve though it still would be considered moderately polluted. The control site on the Alamo River had the greatest diversity of organisms for the study. The June sample had 551 organisms distributed among 26 species with a greater number of phyla represented. The water at the control site, however, would still be considered mildly polluted. The biological diversity and the communitystructure of the benthic invertebrate population at the control site show by comparison that water quality in the New River suffers from the effects of the domestic and apparent industrial wastes observed at Calexico as far downstream as the Westmorland gage.
Phytoplankton samples showed that the greatest densities of organisms were at the first three sites. The most downstream site at the Westmorland gage and the control site on the Alamo River had the smallest densities. In general, the phytoplankton population decreased in downstream order. The high cell concentrations at Calexico are indicative of the water quality not at the Calexico gage but rather at some point upstream. The decreasing densities resulted from the increasing silt concentrations and the toxic products resulting from the anaerobic decomposition of organic matter. It might also be surmised that low and zero DO concentrations would accelerate the decline in phytoplankton densities. Although phytoplankton photosynthesize during daylight hours, they must respire during the nighttime, utilizing 
